Background: Higher dermatomal block following spinal anaesthesia impairs inspiratory capacity and decreases forced expiratory flow rates. This decrease in forced expiratory flows can in turn decrease the effectiveness of cough. Intrathecal opioids are important adjuncts to intrathecal local anaesthetics. The objective of our study was to compare the decrease in forced expiratory flows from the baseline values after subarachnoid block with bupivacaine and bupivacaine with fentanyl.
Introduction
The addition of fentanyl to intrathecally administered bupivacaine improves intraoperative and early postoperative quality of analgesia. 1 But respiratory depression, both early and late, is an undesirable side effect of intrathecal opioids.
2 Also, previous studies have shown that spinal blockade with local anaesthetics reduced expiratory flow rates. 3, 4 Fentanyl administered intrathecally with bupivacaine may have a synergistic effect on forced expiratory flow rates. In this prospective randomised study, the researchers compared forced expiratory spirometric flow rate changes following intrathecal hyperbaric bupivacaine with a combination of intrathecal hyperbaric bupivacaine and fentanyl.
Methods
Approval for the study was obtained from the ethics committee of the Department of Anaesthesia and Intensive Care, Kasturba Medical College, Manipal Academy of Higher Education. Written, informed consent was obtained from all patients. Forty ASA I and II adult males, aged 27-70 years scheduled for elective lower abdominal surgery and endoscopic urologic surgery of 40 to 60 minutes duration were selected. The exclusion criteria included patients on concurrent systemic opioids, known history of drug abuse, abnormal prothrombin time (International Normalised Ratio > 1.5), clinically significant valvular heart disease, a history of cardiovascular or respiratory disease, a raised intracranial pressure, allergy to opioids or local anaesthetics and peripheral/autonomic neuropathy. 5 All patients were evaluated preoperatively and relevant investigations were obtained. All patients were trained to perform forced expiratory manoeuvres in the supine position. Patients were fasted overnight, received oral diazepam 0.2 mg kg -1 both on the night prior to surgery and two hours preceding the intrathecal block. All patients were preloaded with 10-15 ml/kg of lactated Ringer's solution before administration of the intrathecal block. Monitoring consisted of peripheral saturation, intermittent automated non-invasive blood pressure and electrocardiogram lead II and V5. Baseline forced expiratory flows were measured in the supine position. The highest of the three measurements was recorded.6 Forced vital capacity (FVC), Forced expiratory volume in one second (FEV1) (Vitalogragh), Peak expiratory flow rate (PEFR) (modified Wright's Peak Flow meter) and maximum expiratory pressure (PE max) (mercury sphygmomanometer) were measured. Patients were randomised, on the basis of pre-sealed envelopes, to receive either 3.0 ml (15 mgs) of bupivacaine 0.5% with 0.5 ml of normal saline (n = 20, Group-B) or 3.0 ml (15 mgs) of bupivacaine 0.5% with 0.5 ml of fentanyl (25 μg) (n = 20, Group-BF) intrathecally. The intrathecal solutions were prepared by a separate anaesthesiologist who had no further involvement with the study. With aseptic precautions, the skin and the interspinous ligament were infiltrated with 1% lignocaine, and dural puncture was performed in left lateral decubitus position at L3-L4 intervertebral space through midline approach using a 23 gauge Quinke needle. After a free flow of CSF was established, one of the solutions was injected by an anaesthesiologist who was blinded to the actual solution used. The solutions were injected at a standardised rate of 0.2 ml per second, without barbatoge. The patients were returned to the supine position. Blood pressure, heart rate, and respiratory rate were monitored every two minutes for the first 10 minutes and then every 10 minutes during surgery. Hypotension, defined as a decrease in systolic pressure more than 20% below the baseline values, was treated by administering intravenous crystalloids and ephedrine. Respiratory depression, defined as respiratory rate less than ten breaths per minute, was noted. The level of sensory blockade was assessed by cold sensation at 10, 60 and 120 minutes. The highest dermatomal level of sensory blockade was noted. The forced expiratory flows were measured in the supine position at 10, 60 and 120 minutes following the blockade. Side effects, including nausea, vomiting, pruritus, apnoea, headache and dizziness, if any, were noted. Urinary retention was not evaluated as most of the patients had indwelling urinary catheters. No systemic narcotics were administered during the study period.
Data was statistically analysed using Student's t test and ChiSquare test, with p < 0.05 being considered statistically significant.
Results
Twenty-five consecutive patients were enrolled in each group. One patient in Group B and two patients in group BF were excluded from the study, as they received general anaesthesia. There were no statistically significant differences between the two groups with respect to age, weight and height (Table I ). The levels of sensory block at 10, 60 and 120 minutes after intrathecal administration of drugs are shown in Table II .
In both groups, the highest sensory blockade was T4. There was no statistically significant difference in the height of sensory blockade achieved in both groups at 10 minutes (p = 0.659) and 60 minutes (p = 0.202). However, at 120 minutes the height of sensory blockade in Group BF was significantly greater (p = 0.021) than in Group B. Fifteen patients in Group BF had sensory blockade of T6-T7 at 120 minutes whereas in Group B only six patients had sensory blockade of T6-T7. Regression of anaesthesia to the T6 dermatome took a longer time in Group BF. Tables III and IV show the Table II : Sensory levels at 10, 60 and 120 minutes after the intrathecal block* 
Discussion
Spinal blockade with sensory levels at or above the level of T10 impair forced expiratory flow rates and jeopardise patients with excessive sputum production. 3, 4 The researchers could demonstrate a significant reduction in forced expiratory flow rates in both groups even after 120 minutes of blockade. The abdominal muscles are the most important muscles of forced expiration and coughing. 6, 7 Paralysis of abdominal musculature would reduce the ability to exhale forcibly, thus impairing forced expiratory manoeuvres like FVC, FEV1, PEFR and PE max. 7 The study demonstrates the important fact that there is no significant difference in the forced expiratory flows after addition of fentanyl intrathecally, which has not been shown until now. This is despite the fact that in the fentanyl group sensory levels were higher at 120 minutes. This shows that intrathecal fentanyl, as an adjuvant, does not affect expiratory muscle function.
The performance of forced expiratory flow measurements requires initial inspiration to total lung capacity (TLC). The high levels of spinal blockade up to T4 can cause paralysis of fifth to ninth intercostal muscles and affect the inspiratory capacity. Electromyographic techniques have demonstrated that the diaphragm and the fifth to ninth external intercostal muscles are the principal muscles of inspiration. 8, 9 The lack of initial forced inspiration is an important factor in the reduction of forced expiratory flows observed in the study. The reduction in forced expiratory flows is concordant with the findings of Von Ungern and Sternberg and others. 10 Among the forced expiratory flows, FEV1 approached pre-block values in 120 minutes in our study (Group B -p 0.062, Group BF -p 0.057), in contrast to a previous study.
11 FEV1 is a sensitive indicator of the expiratory capacity when compared to FVC. This could be the reason for the return of the FEV1 values close to the baseline earlier than the FVC values.
PE max is one of the sensitive indicators of the power of expiratory muscles. This reduction could be due to the blockade produced by the spinal anaesthesia, confirming the fact that there is significant reduction in the power of the muscles that aid coughing. Very highly significant decreases (p value = 0.001) were seen in PE max compared to pre-block values, in both groups. Again the magnitude of the decrease was similar in both groups and was not statistically significant at any of the measured times. The percentage reduction in PE max was greater when compared to other forced expiratory flows, with a maximum reduction of 24.917% (p = 0.001) and 26.621% (p = 0.001) at 10 minutes, in Group BF and Group B respectively. This is consistent with the study of HarropGriffiths and others. 6 The decrease in both PEFR and PEmax was never below the critical values of 200 L/min and 30 mmHg respectively. These critical values have been described to be essential for effective cough. 12, 13 These findings are consistent with findings of earlier studies of Walsh and others. 5 The addition of neuraxial opioids augments the analgesia produced by local anaesthetics through direct binding with the specific spinal receptors 14 and improves the intraoperative and early postoperative quality of subarachnoid block. 15 In this study, the highest sensory blockade achieved in both groups was T4. However at 120 minutes, the sensory blockade in Group B had receded to lower dermatomal levels, faster than in Group BF, showing that fentanyl had prolonged the sensory blockade.
Conclusion
The addition of 25 μg of fentanyl to intrathecal bupivacaine did not have any adverse effect on forced expiratory flows. There was a decrease in forced expiratory flows in both groups, but the decrease in PEFR and PE max was never below previously described critical values. It is unlikely that the combination of intrathecal local anaesthetic and opioids will impair a normal patient's ability to cough effectively, despite sensory segmental levels up to T4-T5. An amount of 25 μg fentanyl can safely be added to intrathecal bupivacaine to improve the quality of analgesia in ASA I and II patients.
